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Cyclooctatetrsenylmethyl  alcohol  (i)  and  0-cyclooctatetraenylethyl 
alcohol  (in)  have  been  prepared  by  copolymerixation  of  acetylene  vith  proper gyl 
alcohol  and  3-birtyn-l-ol,  respectively.  H,  N -Dimethyl  0 cyclooctatetraenyl- 
ethylamlne  (V)  also  has  been  prepared  by  copolymeriiation.  The  p -toluene sulfonate 
of  the  alcohol  in  ham  proved  to  be  a useful  intermediate  for  the  synthesis  (by 
displacement  reactions)  of  other  cyclooctatetraene  derivatives,  including  the 
R,JI-dioethylamino  compound  V,  the  cyanide  VII  and  the  bromide  X.  Reduction  of  the 
cyanide  VII  with  lithium  aluminum  hydride  yielded  the  primary  amine  VIII  without 
reduction  of  nuclear  double  bonds,  and  basic  hydrolysis  of  the  cyanide  yielded 
0-cyclocctatetraenyiproplonic  acid  (IX ) • The  acid  IX  formed  a crystalline  salt 
vith  quinine,  but  could  not  be  resolved  through  the  salt  under  conditions  that 
were  examined. 

Absorption  bands  present  in  the  Infrared  spectra  of  a number 
of  cyclooctatetraene  derivatives  have  been  noted  that  appear  to  be  characteristic 
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of  the  nucleus  and  are  useful  for  the  identification  of  such  compounds. 

This  paper  reports  an  extension  of  the  preparation  of  substituted 

" 2 
cyclooctatetraenes  by  copolymerisation  of  substituted  acetylenes  with  acetylene 

(2)  A.  C.  Cope  and  H.  C.  Campbell,  This  Journal,  73;  3536  (1951); 

Ik,  179  (1952). 

It 

to  the  synthesis  of  cyclooctatetraene  derivatives  containing  an  alcoholic 
hydroxyl  or  dlmethylamino  group  attached  to  an  alkyl  side  chain.  These  com- 
pounds were  prepared  by  copolymerisation  of  acetylenic  alcohols  and  azj 
acetylenic  amine  with  acetylene.  Other  cyclooctatetraene  derivatives  were 
prepared  by  utilising  0 -cyclooctatetraenylethyl  alcohol  as  an  intermediate. 

Ccpolymerisations  of  the  functionally  substituted  acetylenes 
with  acetylene  were  conducted  in  dry  tetrahydrofuran  in  the  presence  of 
nickel  acetylacetonate  catalyst  and  calcium  carbide  as  a drying  agent  in  a 
stirred  autoclave  at  85-95*  with  acetylene  pressures  of  3CO-15C  p.s.l.  The 
volatile  products  formed  from  such  copolymeri sat ions  with  propargyl  alcohol 
and  3-butyn-l-ol  were  separated  by  steam  distillation,  anl  the  crude 
alcohols  (cycloBctatetraenylmethyl  alcohol,  I,  and  0 -cyclcoctatetraenylethyl 
alcohol.  III)  were  isolated  by  fractionation  of  the  organic  portions  of  the 
distillates.  The  alcohols  could  not  be  separated  completely  from  hydrocarbon 
impurities  by  distillation,  but  it  was  possible  to  purify  them  by  chromatography 
on  silica  gsl,  from  which  they  were  eluted  with  pentane  containing  1 to  10^ 
of  ether,  after  elution  of  the  hydrocarbons  with  pentane.  The  pure  alcohols 
I and  XU  were  obtained  in  17  and  2 hi  yields,  respectively.  Both  were  yellow 
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liquids  which  formed  crystalline  3 , 5 -dinitrobensoatea . Quantitative  hydrogena- 
tions of  the  two  alcohols  in  the  presence  of  platinum  resulted  in  tne 
absorption  of  9Q»5^  of  four  molar  equivalents  of  hydrogen  and  formed  the 
colorless,  saturated  alcohols,  cyclooctylmethyl  alcohol  (II),  and  p- 
cyclooctylethyl  alcohol  (IV).  Both  II  and  IV  were  characterised  by  prepara- 
tion of  crystalline  3,5-di.aitrcbensoates.  The  structures  of  these  compounds 
were  proved  by  independent  syntheses  cf  authentic  samples  of  the  saturated 

H 

alcohols  II  and  IV  by  treating  cyclooctylmagnesium  bromide  with  formaldehyde 
and  ethylene  oxide,  respectively. 

N,  N -Dimethyl  p -cyclooctatetraenyl ethylamine  (v)  also  was 
prepared  by  ccpolymeriaation,  from  acetylene  ana  H,N -dimethyl  3 -butyhlamine . 


\=J 

I,  B ■ CH3OB 

III,  R - CH2CH2O0 
V,  R - CH*CHaN(CH»)2 
VI,  R • C&jCHcOoOaCeH^CHsI  -£) 
VII,  R • CHaCHflCN 
VIII,  R - CHjCHaCHaHHa 
IX,  R * CHcCHgCOOB 
X,  R * CH«CHaBr 
XI , R ■ CRjtCHaOCOCHs 


I !,  R - CHaOH 
IV;  R • CHgCHgQH 
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ft 

0 -Cyclooctatetraenyiethyl  alcohol  reacted  with  j>-toiucoe- 
oulfcnyl  chloride  in  pyridine  to  form  the  p-toluene sulfonate  VI  in  a yield  of 
8o-90*  (crude).  This  ester  failed  to  crystallise  from  a number  of  solvents, 
and  decomposed  cn  attempted  distillation  at  lew  pressures.  However,  it  could 
he  used  as  an  intermediate  in  displacement  reactions  without  purification, 
in  the  aa me  way  that  |>-t oluenesulf onates  of  acetylenic  alcohols  have  been 
used  recently.^  Reaction  of  the  £-toluenesulfonate  (VI ) with  dimethylamine 

(5)  G.  Eglinton  and  M.  C.  Whiting,  J.  Chen.  Soc.,  5^50  (1950). 


yielded  H,B -dimethyl  0 -cyclooctatetraenylethylamine  (v)  (kyf,).  This  method  of 
preparation  of  V is  preferable  to  the  copolymerisatlon  of  H, H -dimethyl -3- 
butynylamine  with  acetylene.  Reaction  of  the  g-toluenesulfonate  VI  with 
calcium  bromide  in  Methyl  Celiosol7e  formed  0 -cyclooctatetraenylethyl  bromide 
(X),  which  also  was  prepared  from  the  alcohol  HI  and  phosphorus  tribromide 
in  the  presence  of  pyridine.  The  bromide  X obtained  by  both  routes  was 
slightly  impure  because  of  partial  dehydrobrooination  that  occurred  during 
distillation,  but  it  was  used  in  ac  alternate  synthesis  of  the  amine  V 
(reaction  with  dimethylamine). 

The  reaction  of  the  £ -toluene sulfonate  VI  with  potassium 
cyanide  in  aqueous  ethanol  yielded  p -cyclooctatetraenylethyl  cyanide  (VII) 

(78*).  Reduction  of  this  yellow  liquid  nitrile  with  lithium  aluminum  hydride 

ft 

in  ether  yielded  'Y-cyelooctatetraenylpropylanine  (vm)  (5^*),  a yellow 
liquid  that  was  characterised  as  the  plcrate  and  the  hydrochloride. 

Saponification  of  the  nitrile  VII  yielded  the  yellow,  crystalline  P-cyelooetatetraenyl- 
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proplonlc  acid  (IX)  (77$).  The  acid  IX  formed  a crystalline  salt  with  quinine, 
but  the  acid  regenerated  from  the  salt  after  recryrtallisation  to  constant  melting 

point  and  rotation  waa  optically  inactive.  Other  attempts  to  resolve  mono- 

n 4 

substituted  cyclooctatetraencs  also  have  been  unsuccessful. 

(4)  A.  C.  Cope  and  M.  R.  Kinter,  This  Journal,  7J,  3424  (1951): 

A.  C.  Cope,  M.  Burg  and  S.  W.  Fenton,  ibid . , 74,  173  (1952). 

P -Cyclooctatetraenylethyl  acetate  (XI ),  a fragrant,  yellow 
liquid,  was  prepared  in  91$  yield  frcm  the  alcohol  III  and  acetic  anhydride. 

5 

Spectra  and  Structure 

(5)  We  are  indebted  to  Dr.  R.  C.  Lord  for  discussions  of  the  infrared 
spectra. 

The  Infrared  spectra  of  the  cyclooctatetraene  derivatives  I, 

III,  V,  VII,  VIII,  IX  and  XI  are  reproduced  in  Figs.  2,  3 and  4.  Examination  of 
these  spectra  and  the  spectra  of  other  acnosubat ituted  cycloBctatetraenes  reported 
previously  (ref.  2 and  preceding  papers  in  this  series)  shows  that  characteristic 
absorption  bends  can  be  assigned  to  such  compounds.  The  infrared  spectrum 

of  cyclooctatetraene  Itself  has  been  discussed  in  detail  by  Lippincott,  Lord 

6 * 

and  McDonald;  Comparison  of  the  principal  absorption  bands  of  cyclooctatetraene 

(6)  E.  f<.  Lippincott,  F.  C.  Lord  and  R.  S.  McDonald,  This  Journal,  73* 

3370  (1951). 

sad  mono substituted  cyclooctatetraene*  shows  certain  differences.  The  principal 
absorption  bands  (and  their  probable  origins)  that  are  present  in  the  spectra 

N 

of  all  monocubet Ituted  cyclooctatetraene!  examined  to  date  are  the  following: 
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3*33 >*■  (strong)  (C-H  stretching))  6.1-6.15yJu.(medium)  (double  bond  in  a cyclooctate- 
traene ring),  8.20-6.33>u.  (doublet,  veak)  (C-H  bending))  (medium) 

(ring  expansion))  12.3-12.5,>u(8trong)  and  12. 8-13. 0/a.  (medium)  (doublet 
associated  with  ring  distortion  vibrations)  l4.25-l4.55yu.  (strong)  (C-H  bend- 
ing)) 13.0-15.25  (medium)  (C-H  bending). 

N 

The  ultraviolet  absorption  spectra  of  cyclooctatetraene  and  its 
derivatives  that  do  not  contain  a chromophore  in  conjugation  with  the  nuclear 
double  bonds  (such  as  the  alcohols  I and  III,  Fig.  l)  also  are  characteristic. 
Th^rshow  veak  absorption  (log  £.  less  than  2.6)  extending  from  the  visible  to 
about  230  mju,  where  strong  absorption  begins.  Other  highly  unsaturated 
compounds  such  as  conjugated  cyclic  and  acyclic  trienes  and  acyclic  tetraenes 
have  distinct  maxima  in  the  ultraviolet  at  longer  wave  lengths.  On  the  other 
haai,  the  weak  visible  absorption  of  cycl -octatetraene  derivatives  gives  rise 
to  a characteristic  yellow  color.  A combination  of  the  infrared  absorption 
bands  noted  above,  characteristic  ultraviolet  spectrum  and  yellow  color  with 
chemical  evidence  new  can  be  used  with  considerable  certainty  to  establish 
the  structure  of  a new  cyclooctatetraene  derivative.  The  most  pertinent  chemical 
evidence  is  quantitative  catalytic  reduction  with  the  absorption  of  four 
molar  equivalents  of  hydrogen  by  the  four  nuclear  double  bonds.  Other  chemical 
characteristics  that  have  been  explored  less  thoroughly  but  have  been  useful 
in  characterising  certain  cyclooctatetraene  derivatives  have  been  partial 
reduction  with  absorption  of  three  molar  equivalents  of  hydrogen  in  the 
presence  of  palladium  on  calcium  carbonate  forming  cyclocctene  derivatives) 
formation  of  silver  nitrate  complexes,  or  solubility  in  aqueous  silver  nitrate) 
formation  of  maleic  anhydride  adducts  with  disappearance  of  two  o?  the  nuclear 
double  bonds  (due  to  bridging  as  well  as  addition). 
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Experimental 


(7)  Melting  points  are  corrected  and  boiling  points  are  uncorrected. 

We  are  Indebted  to  Dr.  S.  M.  Nagy  and  bis  associates  for 
analyses,  and  for  the  Infrared  spectra,  which  were  determined  with 
a Baird  Double  Beam  Infrared  Recording  Spectrometer,  Model  B, 
fitted  with  a sodium  chloride  prism. 


Copolymer! tat ion  and  Purification  Procedures.  - The  co- 
~ 2 

polymerisation  procedure  described  previously  was  followed,  after  which 
the  mixture  was  steam  distilled  until  4 1.  of  distillate  collected  to  separate 


volatile  products.  The  organic  layer  was  separated  from  the  distillate,  and 


the  aqueous  layer  was  extracted  several  times  with  bensene.  The  combined 


organic  layer  and  extracts  were  distilled  through  a packed  column  under 

reduced  pressure  to  separate  tetrahydrofuran,  bensene  and  cyclooctatetraene, 

6 

and  the  residue  was  fractionated  through  a semimicro  column  at  about  1 mm. 


(3)  C.  W.  Gould,  Jr.,  G.  Holtman  and  C.  Niemann,  Anal.  Cham. , 20, 
561  (1948). 


The  crude  copolymerisation  products,  containing  hydrocarbons  with  similar 


boiling  points  as  impurities,  were  dissolved  in  pentane  and  passed  through 
a 100  x 2.1-cm.  column  of  28  to  200  mesh  silica  gel  (Davison  Chemical  Corpora 
tlon).  The  functionally  substituted  cyclcoctatetraenes  were  adsorbed,  while 


the  hydrocarbons  passed  through  with  the  solvent  and  were  removed  by  washing 
with  pentane.  The  substituted  cyclooctatetraenes  were  eluted  with  1-lCflG 


solutions  of  ether  in  pentane,  and  were  isolated  by  concentration  and 


fractional  distillation. 
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Cyclooctatetraenylmcthyl  Ale uhul  (I).  - Copoi/u«ri»*ktl^i  or 

aeetyleas  «ita  20  g»  of  prepargyi  alcohol  (Geusnl  Aniline  and  "lia  C ^Tt- . , 

25 

redistilled,  b.p.  45-48“  at  32  no.,  Oj.  1.4290)  by  the  general  procedure 

2 

previously  described  resulted  In  absorption  of  950  p.s.l.  of  acetylene. 

Ab 

Distillation  yielded  9.9  g.  (21$)  of  crude  I,  b.p.  66-72°  (0.5  «*»•),  %) 

I.5602-I.5620.  The  alcohol  was  chromatographed  by  the  procedure  described 

above,  cad  eluted  vith  5 1.  of  ether-pentane  (1:9).  Concentration  of  the 

8 

effluent  and  distillation  of  the  residue  through  a semimlcro  column  yielded 

OR 

8.1  g.  (17$)  of  pure  I as  a yellow  liquid,  b.p.  65-66°  (0.12  era.),  ru  1.5612, 
dj5  1.0473. 

Anal.  Calcd.  for  CaHlo0:  C,  80.56;  H,7.5l-  Found: 

C,  80.63;  H,  1.66.  . 

Cyclooctatetreenylmethyl -3 , 5 -Dlnltrobensoatc  was  prepared 
by  heating  0.25  g.  of  I and  0.35  g.  of  3,5-dinitrdbensoyl  chloride  on  a steam 
bath  for  1 minute.  The  product  was  dissolved  In  10  ml.  of  hexane  and 
cooled,  and  the  yellow  crystalline  ester  that  separated  was  recrystallised 
to  cons  tent  melting  point  fro*  hexane;  yield  0.4J  g.  (75$),  s.p.  69-69.8°. 

Anal.  Calcd.  for  CiaH12i«Qa:  C,  58.5*;  H,  3-69;  H,  8.54. 

Found:  C,  58.32;  H,  3.78;  if,  8.73. 

Cyclooctylaethyl  Alcohol  (II)  we a obtained  by  hydrogenation 
of  a solution. of  0.11  g.  of  I in  10  ml.  of  95$  ethanol  In  the  presence  of  0.05 
g.  of  pre -reduced  platinum  oxide.  Hydrogen  absorption  stopped  after  uptake 
of  98.5$  of  4 molar  equivalents  in  3 hours.  Separation  of  the  ceiaiysi  and 
distillation  ylalded  0.11  g.  of  n,  b.p.  66-68*  (0.15  nn.),  n^  1.4810,  djp  0.9*26. 
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Anal.  Calcd.  for  CeHxgO:  C , 76.00;  H,  12.75.  Found: 

C,  76.28;  H,  12.82. 

Cyclooctylmcthyl-5,5-Dlnltrobcraoate  vas  prepared  by  heating 
0.20  g.  of  XI  and  0.27  g.  of  5 , 5 -diaitrobentcyl  chloride  on  a steam  bath  for 
1 hour,  and  purified  by  recrystalliiation  from  hexane;  yield  0.33  g.  (6915), 
m.p.  68.6-69.7°. 

Anal.  Calcd.  for  CxaHaoHaCfc:  C,  57.13;  H,  5.99;  H,  8.33. 

Found:  C,  57.21;  H,  6.06/  H,  8.37. 

An  authentic  sample  of  cyclooctylmethyl  alcohol  vas  prepared 
in  poor  (15$)  yield  from  cyclooctylmagneslum  bromide  and  formaldehyde. 

The  authentic  sample  had  the  same  physical  constants  (b.p.  67-68*  at 

ge 

0.20  mm.,  bq  1.4810 ) as  II  obtained  from  I by  hydrogenation,  and  formed 
an  identical  3,5-dinltrobensoate  (m.p.  and  mixed  m.p.  68.3-69.6*). 

P-Cyclooctatctraanylethyl  Alcohol  (Hi).  - Cop_lymerixation 
of  acetylene  with  15  g.  of  3-butyn-l-cl  (Farchan  Research  Laboratories, 
redistilled)  by  the  procedure  previously  described  resulted  in  absorption 
of  1200  p.s.i.  of  acetylene  and  an  increase  in  weight  of  178  g.  in  11  hours 
at  80-95°.  Distillation  yielded  69  g.  of  cyclcoctatetraene  and  12  g.  of 
crude  III,  b.p.  63-75°  (0.55  nn.).  The  product  vas  chromatographed  on  silica 
gel  by  the  procedure  described  above,  and  eluted  vith  3 1.  of  pentane  con- 
taining 2*  ether.  Concentration  of  the  effluent  and  fractionation  of  the 

25 

residue  yielded  8.1  g.  (24*)  of  III,  b.p.  75-78°  (0.22  men),  iv,  1.5448-1.5480. 

25  25 

A redistilled  analytical  sample  had  b.p.  77-78°  (0.2  mm.),  1.548o,  d£  1.0213. 

Anal.  Calcd.  for  C^H^O:  C,  8l.o4;  H,  8.17*  Found: 

C,  81. 1C;  H,  8.39. 
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Purificatico  of  the  alcohol  III  also  was  effected  by  dissolving 
It  In  concentrated  phosphoric  acid,  extracting  th®  solution  several  tines 
with  ether  (extracts  were  discarded),  and  neutralising  vith  10^  sodium 
hydroxide,  with  cooling.  Extraction  vith  ether  and  distillation  yielded  pure 
III,  but  about  half  of  the  material  was  lost  by  polymerisation  during  the  acid 
treatment . Fairly  pure  samples  of  III  also  were  obtained  by  extracting  the 
crude  alcohol  vith  204  (by  weight)  aqueous  silver  nitrate,  and  regenerating 
the  alcohol  from  the  aqueous  solution  containing  III  as  a silver  nitrate 
complex  by  treatment  vith  an  excess  of  concentrated  ammonium  hydroxide. 

g -Cycl c oc tatetrae nylethyl -3 , 5 -D inltrobensuate  was  obtained  by 
adding  1.1  g.  of  3,5-dinitrobensoyl  chloride  to  a solution  of  0.75  g.  of  III 
in  2 ml.  of  hexane,  and  heating  on  a steam  bath  for  2 minutes.  Cn  cooling 
the  mixture  overnight  0.91  g.  (53#)  of  the  ester  separated  as  yellow  crystals. 
Two  recrystallisations  from  a mixture  of  ethanol  and  water  gave  an  analytical 
■tuple  with  a constant  melting  point  of  67-67,8* . 

Anal.  Calcd.  for  Cx-rH^NaOe:  C,  59.65?  H,  4.12;  jj,  8.19. 

Found:  C,  59.95?  H,  4.27?  H,  8.13. 

P-Cyclooctylethyl  alcohol  (IV)  was  obtained  by  hydrogenating 
a solution  of  0.11  g.  of  III  Is  5 ol.  of  95^  ethanol  in  the  presence  of  0.05  g. 
of  pre -reduced  platinum  oxide  catalyst.  After  2.5  hours  98.5^  of  four  molar 
equivalents  of  hydrogen  had  been  absorbed,  and  the  reduction  stopped.  Removal 
f the  catalyst  and  distillation  yielded  0.09®  g.  of  IV  as  a colcrless  liquid. 

Oil  ab 

b.p.  78-79*  (0.2  mm.),  Up  1.4823,  c.936o. 
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AngjU  Calcd.  for  Cx#Hao0‘*  C,  76.86}  H,  12.90. 

Found:  C,  77.15)  H,  13. 06. 

g -Cycle  octylethyl  3.5-DlaltrobenEoate  was  prepared  by  heating 
0.15  g.  of  IV  and  0.20  g.  of  3,5-dinitrobenxcyl  chloride  in  5 ml.  of  hexane 
on  a steam  bath  for  1 minute.  Cooling  in  ice  followed  by  two  crystallisa- 
tions from  petroleum  ether  of  the  light  yellow  crystals  that  formed  yielded 
0.19  g.  (54$)  of  the  ester,  m.p.  46.5-47.3*. 

Anal.  Calcd.  for  CxrHaaNaC^:  C,  58.27;  H,  6.33)  R,  8.02. 

Found:  C,  58.04;  H,  6.43;  N,  8.17. 

An  authentic  sample  of  the  alcchol  IV  was  prepared  in  26$ 
yield  by  heating  cyclooctylmagnesium  bromide  with  an  excess  of  ethylene 

oxide  in  a mixture  of  ether  and  bensene  at  65*  for  1 hour.  The  authentic 

25 

sample  had  b.p.  77-5-78.5*  (0.2  mn. ) n^  1.4821,  and  an  infrared  spectrum 
that  was  identical  within  the  limits  of  experimental  error  with  IV  prepared 
by  reduction  of  III.  The  3,5-dinitrobensoate  of  the  authentic  sample  of  IV 
melted  at  46.2-47.5*  and  was  identical  with  the  corresponding  derivative  of 
17  prepared  from  III  (mixed  m.p,). 

4 -Chloro -1 -butyne . - A solution  of  60  g.  of  thionyl  chloride 
in  4o  ml.  of  dry  chloroform  was  added  with  stirring  over  a 2 hour  period  to 
a mixture  of  28  g.  of  3-butyn-l-d,  15  g.  of  pyridine  and  4o  ml.  of  chloroform. 
The  mixture  was  cooled  in  ice  during  the  addition,  and  stirred  at  room  tem- 
perature for  12  hours.  The  mixture  was  washed  twice  with  water,  once  with 
5$  sodium  bicarbonate  solution,  and  dried  over  sodium  sulfate.  After  removal 
cf  the  chloroform  under  reduced  pressure,  distillation  of  the  residue  yielded 
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20.6  g.  of  crude  4-chloro -1-butyne.  b.p.  75-85°.  On  redirt illetion  14.2  g. 

(400)  of  the  ana lytic ally  pure  chloride  vat  obtained,  vith  physical 

25 

properties  (b.p.  84-85*,  np  1.4376)  corresponding  to  these  reported  recently 

for  4 -chloro -1-butyne  prepared  from  3-butyn-l-yl  g -toluene sulfonate  and 

lithium  chloride  (ref.  3,  p.  3654). 

N,  N -Dimethyl  3-butynylamine.  - A mixture  of  25  g.  of  4- 

chloro -1-butyne  and  l8o  g.  of  250  aqueous  dimethylamine  was  stirred  at  room 

temperature  for  3 days . The  mixture  was  made  strongly  basic  with  100  sodium 

hydroxide  solution  and  extracted  several  times  with  ether.  The  extracts  were 

dried  over  sodiua  sulfate,  and  the  ether  vas  removed  through  a packed 

column.  Distillation  of  the  residue  yielded  18.8  g.  of  crude  N,  N-dlmethyl 

3-butynylamine,  b.p.  89-106“,  end  redistillation  gave  12.2  g.  (450)  of 

2*5  25 

the  pure  amine,  b.p.  lo4-lo6a,  1.4294,  d^  0.8111. 

Anal.  Calcd.  for  CeHuH:  C,  74.16;  g,  11.43,  n,  14.42.  Found: 

C,  73.88;  H,  11.49;  N,  14.31. 

H,  N -Dimethyl  g-Cyclooctatetraenylcthylamine  (v).  - (a). 

In  the  preferred  preparation  of  V,  a solution  of  5.0  g.  of  0 -cyclooctatetraenyl 
ethyl  g-toluenesulfonate  (VI,  described  below)  in  15  ml.  of  benzene  vas 
saturated  vith  gaseous  dimethylamine . The  mixture  was  allowed  to  stand 
overnight,  and  after  washing  with  water  was  concentrated  under  reduced 
pressure.  The  residue  vas  distilled  at  ^5*  (0.2  mm.),  and  a solution  of  the 
distillate  in  ether  vas  extracted  with  excess  6 H hydrochloric  acid.  The 
acid  solution  was  treated  with  excess  sodium  bicarbonate  solution,  and  the 
amine  V was  extracted  with  ether.  The  extracts  were  dried  over  sodium  sulfate, 
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c accent rated,  and  the  residue  was  distilled  through  a semimicro  column, 

25  . 25 

yielding  0.94  g.  (53%)  of  V,  b.p.  59'  (0.28  mm.),  nQ  1.5198*  d^  0.S186. 

Anal.  Calcd.  for  C18H1TN:  C,  82.25;  S, -9.73;  S,  7.99. 

Found:  C,  82.2*7 ; H,  9.73;  N,  7.86.‘ 

N,  N -Dimethyl  S-Cyclooctatetraenylethylamlne  Plcrate  was 
prepared  by  adding  an  ethereal  solution  of  picric  acid  to  & solution  of  V in 
ether,  and  recrystallized  from  95%  ethanol  to  a constant  melting  point  of 
118. 0-118.5*. 

Anal.  Calcd.  for  C,  53-46;  H,  4.98,*  N,  13.86. 

Found:  C,  53-57;  H,  4.99;  N,  13.31. 

n 

H,  N -Dimethyl  g -Cyclooctatetraenylethylamlae  Hydrochloride  was 
prepared  by  passing  dry  hydrogen  chloride  through  a solution  of  0.63  g. 
of  V in  10  ml.  of  dry  ether.  The  crystalline  hydrochloride  was  recrystallized 
twice  tc  a constant  m.p.  of  179.6-180.6*  from  methanol -ether;  yield  0.62  g. 
(82)6). 

Anal.  Calcd.  for  CiaH18NCl:  C,  68.07;  H,  3.57;  K,  6.62, 

Found:  C,  68.02;  H,  8.72;  N,  6.50. 

(b)  Copolymerizaticn  cf  10.7  g.  of  N,N -dimethyl  3 -butynylamina 

2 

with  acetylene  by  the  general  procedure  described  previously  resulted  in 
absorption  cf  800  p.s.i.  of  acetylene.  The  reaction  mixture  was  centrifuged 
to  remove  solids  and  the  clear  liquid  obtained  was  distilled  under  reduced 
pressure  through  a packed  column  to  remove  tetrahydrofuran  and  benzene.  The 
residue  was  extracted  with  3%  hydrochloric  acid;  distillation  of  the  neutral 
fraction  yielded  30  g.  of  cyclooctatetraene.  The  acidic  extracts  were  made 


bade  vltb  10$  sodium  hydroxide  and  extracted  with  ether.  After  removal 
of  the  ether,  distillation  of  the  residue  through  a aemimicro  column  yielded 
1.5  6-  (8*)  of  V vith  physical  properties  corresponding  closely  to  the 
properties  of  V described  under  (a)  above.  The  picrate  of  V prepared  by 
copolymerization  was  analytically  pure,  and  had  m.p.  and  mixed  m.p.  v*th  the 
picrate  of  V described  under  (a)  of  117.5-118.5*. 

BCyclooctatetracnylethyl-p-toluenesulfonate  (Vi) . - A 
mixture  of  14.5  g.  of  p-toluenesulfoayl  chloride  and  5.k  g.  of  pyridine  vas 
added  to  10.0  g.  of  the  alcohol  MI,  with  cooling.  Heat  vas  evolved,  and 
in  a few  minutes  separation  of  crystalline  pyridine  hydrochloride  began. 

After  the  mixture  stood  at  room  temperature  for  12  hours,  it  vas  added  to 
150  ml.  of  lOji  hydrochloric  acid  and  extracted  with  ether  several  times. 

The  extracts  were  dried  over  magnesium  sulfate,  concentrated,  and  the  residue 
vas  evacuated  at  0.2  mm.  at  room  temperature  for  15  minutes  to  complete 
removal  of  the  solvent.  The  liquid  residue  of  VI  amounted  to  20.2  g.  (92*)> 
it  failed  tc  crystallize,  and  vas  used  as  an  intermediate  without  further 
purification. 

3-Cyclooctatetraenylethyl  Cyanide  (VII ).  - A solution  of 

20.0  g.  of  the  j-tolueneeulfonate  VI  sued  7.5  g.  of  potassium  cyanide  in  50  ml. 

of  90 it  ethanol  vas  heated  uxxier  reflux  for  14  hours.  After  cooling,  100  ml. 

of  water  vas  added  and  the  mixture  vas  extracted  with  ether  several  times. 

The  extracts  were  dried  over  magnesium  sulfate,  concentrated,  and  the  residue 

vas  distilled  through  a scmimicro  column,  yielding  8.3  g.  (78$)  of  VII, 

25 

b.p.  55-85*  (0.25  na.),  ng  1.557^-1.5585.  A redistilled  analytical  sample 
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had  o.p.  62-63*  (0.25  nsn.),  1.5378,  0.9853. 

Anal.  Calcd.  for  CUHUN;  C,  84.04;  H,  7.05;  R,  8.91. 

Found:  C,  84.o6j  E,  7-11;  N,  8.6l. 

7-  -Cyclooctatetraenylpropylamljae  (VIII ) . - A solution  of 
2.0  g.  of  the  nitrile  VH  in  15  ml.  of  dry  ether  vas  added  slowly  with  stirring 
to  0.48  g.  of  lithium  aluminum  hydride  in  an  atmosphere  of  nitrogen.  The 
mixture  was  heated  under  reflux  for  1 hour,  cooled,  and  a small  amount  of 
water  was  added  cautiously,  followed  by  35  ml.  of  10?t  hydrochloric  acid. 

The  mixture  was  extracted  with  ether  (extracts  discarded),  and  then  made 
basic  with  10^  sodium  hydroxide.  The  amine  VIII  vas  extracted  with  ether, 
and  the  extracts  were  dried  over  magnesium  sulfate  aad  concentrated  by 
distillation  through  a packed  column.  Two  fractionations  of  the  residue 
through  a semimicrc  column  yielded  1.15  g.  (5^)  of  VIH,  b.p.  68-68.5* 

(0.1  m.),  if  1.5411,  d^5  0.9613. 

Anal.  Calcd.  for  CnHisR:  C,  81.93;  E,  9-38.  Found: 

C,  82,01}  H,  9.51. 

7 -Cyclcoctatetraenylpropylamine  Plcrate  was  obtained  as 
yellow  crystals  by  adding  VIII  tc  a saturated  solution  of  picric  acid  in 
ethanol,  and  purified  to  a constant  melting  point  of  166-167.5*  toy  re cry- 
stallisation from  ethanol  and  water. 

Anal.  Calcd.  for  CxtHxsR*^:  C,  52.31;  H,  4.65;  H,  14.35. 

Found:  C,  52.30;  H,  4.93;  N,  14.08. 

T'-Cyclooctatetraenylpropy lamina  Hydrochloride  was  prepared 
by  passing  hydrogen  chloride  through  a solution  of  VHI  in  dry  ether.  The 
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solld  hydrochloride  mi  recrystallized  twice  from  methanol -ether  to  a constant 
melting  point  of  153.3-151*.2° ; yield  0.65  g.  (8h*). 

Anal.  Caled.  for  CxxHxeCIN:  C,  66.82;  h,  8.16;  H,  7.09. 

Found:  C,  66. 57}  H,  8.15;  N,  7.04. 

6-Cyclooctatetraenylpropionlc  Acid  (IX).  - The  nitrile  VII 
(2.0  g.)  was  added  to  a solution  of  2.0  g.  of  sodium  hydroxide  in  50  ml.  of 
water,  and  the  mixture  was  heated  under  reflux  for  It  hours,  during  which  time 
It  became  homogeneous.  After  cooling,  the  solution  was  extracted  with  ether 
(extracts  discarded),  made  strongly  acidic  with  10*  hydrochloric  acid,  and 
extracted  several  times  with  ether.  The  liquid  residue  obtained  on  concentra- 
tion of  the  extracts  solidified  as  light  yellow  crystals  (2.01  g.,  90*). 

Three  crystallizations  from  hexane  yielded  1.7  g.  (77%)  of  the  pure  acid  IX, 
m.p.  59.2-60°. 

Anal.  Caled.  for  CxjHxa02:  C,  7^.97;  H,  6.87.  Found: 

C,  7^.98;  H,  6.98. 

The  Quinine  3 alt  of  g-Cyclooctatetraeaylproplonlc  Acid  was 
prepared  by  adding  a solution  of  0.5  g.  of  the  acid  IX  in  5 ml.  of  dry  ether 
to  a solution  of  I.06  g.  of  quinine  hydrate  in  200  ml.  of  ether.  The  solu- 
tion was  concentrated  to  a volume  of  50  ml.  and  cooled  overnight  at  5°. 

The  yellow  crystals  that  formed  were  recrystallized  three  times  from  ether- 
without  change  in  melting  pelzrt  or  rotation;  m.p.  119.6-120.6°,  [ot.  jjp  123.1° 
(1.  » 2,  eo.83  in  95*  ethanol). 

Anal.  Caled.  for  C3xHseN40*:  C,  7^.37;  H,  7.25;  N,  5.60. 

Found:  C,  7^.21;  H,  7.25;  N,  5.70. 
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Treatment  of  the  quinine  salt  with  hydrochloric  acid 
followed  hy  extraction  with  ether  yielded  the  pure  acid  IX,  which  wa*  optically 
inactive. 

g-Cyclooctatetraenyletfayl  Bromide  (x).  - The  g-toluenesulfonate 
VI  (14.4  g.)  was  allowed  to  react  with  9.4  g.  of  anhydrous  calcium  bromide  in 
25  ml.  of  Methyi  Cellos olve  at  50*  for  15  minutes.  The  mixture  was  cooled, 
added  to  200  ml.  of  ether,  and  the  calcium  £ -toluene sulfonate  was  separated 
by  filtration  (8.8  g.,  96£).  The  filtrate  was  washed  with  water  to  remove 

Methyl  Cellosolve,  dried  ever  magnesium  sulfate,  and  distilled.  The  yield  of 

25 

the  crude  bromide  X was  7.1  g.  (72^),  b.p.  61-67*  (0.12  mo.),  Bp  I.5580-I.5650. 
The  product  was  chromatographed  on  silica  gel  to  separate  oxygen-containing 
impurities  and  refractionated  several  times,  but  pure  X was  not  obtained, 
apparently  because  of  some  elimination  of  hydrogen  bromide  during  the  purifica- 
tion process.  Fairly  pure  X obtained  by  this  procedure  had  b.p.  65-67* 

(0.13  mm.),  n§5  I.5686,  djp  1.2550. 

Anal.  Calcd.  for  C10HnBr:  C,  56.89)  H,  5.25.  Found: 

C,  57.80 i H,  5.47. 

A similar  slightly  impure  sample  of  X was  obtained  from 
reaction  of  the  alcohol  HI  with  phosphorous  tribromide  in  hexane,  in  the  presence 
of  pyridine.  Reaction  of  the  bromide  X with  dimethylamine  yielded  the 
tertiary  amine  V,  which  was  obtained  more  easily  from  the  jj-toluene sulfonate 
VI. 


g-Cyclooctatetraenylethyl  Acetate  (XI ).  - A mixture  of  3.0  g. 
of  the  alcohol  III  and  4.1  g.  cf  acetic  anhydride  was  heated  on  a steam  bath  for 
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20  minutes,  cooled,  and  added  to  100  ml.  of  vater.  The  product  was  extracted 

with  several  portions  of  bentene,  which  were  dried  over  magnesium  sulfate  and 

concentrated.  Distillation  of  the  residue  yielded  5.5  g.  (91$)  of  the  acetate 

. 25  25 

XI  as  a fragrant,  yellow  liquid,  b.p.  81-82*  (0.15  mm.),  tip  1.5150,  d^  1.026o. 
Anal.  Calcd.  for  CiaHi^a:  C,  75.^6^  E,  ?.U2.  Found: 


C,  75.5$j  H,  7.58. 
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Fig.  1.  - Ultraviolet  abeorption  spectre:  curve  1,  cyclooctate- 

traenylaethyl  alcohol  (1/ j curve  2,  p-cyclooctatetraenyl®thyl 
alcohol  (III),  both  In  cyclohexane,  determined  with  a Cary 
Ultraviolet  Recording  Spectrophotometer,  Model  11  MS. 
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Fig.  :+.  - Infrared  absorption  spectra:  curve  1,  3 --cyclooctatetraenylethyl  acetate 

(Xl) j curve  2,  N,  N -dimethyl  p-cyclcBctatetraenylethylamine  (V),  both  as  pure  liquids 
in  an  0.025  no.  cell. 
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